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ASSTRZCT 

New measmcments of the energy and nntural linewidth of the pionic 

2p-1s x-ray transition and of the energy o€ %he nuonic 2p-1s x-ray transition 

in 23Nti have been performed. A high-resolution G e ( L i )  spectrometer was used, 

resultirig in more precise measurments than previously reported. Comparisoxfs 

are made with the theoreticzl predictions of the Ericsons. 
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Recent measurements la2) of the  natural  linewidths of pionic 2p-1s 

t rans i t ions  have shown a discrepancy between theore t ica l  and measured values 

as Z increases. 

pionic 2p-1s t r ans i t i on  energy and width i n  23Na. 

We present here new and more precise  measurements of the 

The clata were obtained using a 100 MeV negative pion bean! st the NASA 

Space Radiation Effects Laboratory (SREL). 

s c i n t i l l a t i o n  counter telesccpe, and coincidence requirements insured tha t  

pulses were stcsed i n  a 1600-channel pulse height analyzer only when a timing 

coincidence existed between a a-stop signal and a detector s ignal .  

were detected i n  a 30 cm3 cosxial  Ge(Li) detector coupled t o  a cooled FET 

preamplifier which provided good resolution and minimization of count r a t e  

e f fec ts ,  3, 

simultaneously w i t h  t he  pionic x-rays was approxinately 2.2 keV FHHM at 250 

keV. 182Ta 2nd 203€!g cal ibrat ion l ines  at 222.144 and 279.160 keV, respec- 

t ive ly ,  exhibited resclutions of 2 . 1  and 2.4 keV FWHM when accumulate2 under 

hem conl i t ions before and a f t e r  each pion run. 

This  bemi was focused in to  a 

The x-rays 

The resoltaticn as determined, fron mon ic  x-rays accwulated 

Four separate pion runs were taken and one mon run was accumulated 

fo r  background. me lys i s .  

corded. 

Approxjnatcly 6500 pionic 2p-1s events were re- 

The summed data  ef the  four runs a re  plot ted in  Fig. 1. 

The energy of thc pionic 2p-1s t r ans i t i on  w2s determined with a least 

squares f i t  of the 2a t s  t o  8 Lorentzian function with a l inear  background 

tern;, while the natural  linewidth was determined by using a Voigt p ro f i l e  

ygsearchg2 technique. 4, 

Gaussian and a Lorcntzian function,)  For each run, the instrumental line 

(A Voigt p ro f i l e  is the convolution in tegra l  of a 



2. 

width was determined with a least squares fit of the muonic 2p-1s transition 

data in the pionic runs to a Gaussian function with a linear background term. 

There was sufficient muon contamination in the pion beam to make this a 

sensitive test of instrumental linewidth. 

The strong interaction nuclear force shift Enuc is the difference 

between the expesimentally-determined energy for the pionic 2p-1s transition 

and the calculated energy. The calculated energy is the energy as predicted 

by the Klein-Gordon equation with corrections for finite size and vacuum 

polarization. 

was calculated after Mickelwait and Corben,’) and the finite size correction 

by the method of Pustovalov6) using the nuclear radius determined by 

The energy shift due to the vacuum polarization correction 

Backenstoss, et al .  7) 
_I_ 

The results of this work are summarized in Table I and compared to 

the other most recent measurements. 

include statistical uncertainties, ss well 8s uncertainties in the back- 

ground analysis and in the linearity o f  the spectrometer. Also included 

in this table are theoretical predictions ’,” for the natural linewidth 
and the nuclear force shift based on the theory of the Ericscns, 

The agreement is poor, in cmtrast to the results reported4’ for  lower 2 

pionic x-rays. 

The errors quoted in this experiment 

10,ll) 

Measurements 0% pionic linewidths and energies may be subject to 

uncertainties when nuclear y-rzys, induced by pion or muon capture or by 
2 , w  inelastic pion scattering, fall close to the pionic x-ray energy. 

No such y-rays were seen in 23Na for the pure nuon bean. In addition, a 
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search f o r  contminating y-ray t rans i t ions  a r i s ing  from the  possible 

products of pion capture or  pion sca t te r ing  f a i l ed  t o  reveal a y-ray 

i n  the neighborhood of 280 keV. 13’ 

the pionic 2p-1s liEe contains an zdmixture of narrow linewidth con- 

taminants. 

I t  therefore appezm unlikely tha t  

Me trould l i k e  tc! thank Dr. R. J. Harris, Jr., D r .  W. B. Shuler, 

D r .  D. A. Jenkins, 2nd Mr. D. G. Eisenhut for  a id  rendered during the 

experiment and h t a  malys i s ,  and Dr, R. T. Siegcl and the staff of SREL 

for  t h e i r  suppcrt. 



TABLE I 

Pionic and muonic 2p-1s x-ray measurernents i n  23Na. 

measured values of  the pionic  netural linewidth and nuclear f m c e - s h i f t  

are compared. 

Theoretical and 

Energies are i n  keV. 

Berkeley' 

CERNb 

W C i M  

c Ericsons 

249.6 f 0.5 277.2 f 1 .0  4.6 f 3.0  4.9.8 f 1 .4  

250,121 f 0.15 276.2 f 1.0 10.3 f 4.0 52.4 * 1.0 

250.4 f 0 . 1  277.7 f 0 . 5  6.2 f 1.2 51.Q f 0.5 

-....- -e-- 33.57 68.36 f 10.42 

a See Reference 1 

See Reference 2 

Set: References 8 - 11 



FIGURE CAPTION 

f3' Fig. 1. Swmed data from four pion runs showing u-Kcc, v-K 

and v-Ka l ines  i n  23Na. 

sum of the data  in fcur adjacent channels. 

Each point represents the 
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